Milking characteristics were measured on 14 cows at morning milkings. After collection of blood, cows were slaughtered and teats were removed. 132-Adrenoceptors on teat tissue and lymphocyte membranes were identified by binding of [3H]dihydroalprenolol. For the determination of ct2-adrenoceptors on teat tissue and blood platelet membranes, [3H]rauwolscine was used. In teat tissue and blood cells, except for the amount of milk collected during the 3rd rain, all other milking parameters were highly correlated with the ratio of ~2-adrenoceptors to ot2-adrenoceptors. Good milkability appears to be associated with low ratio of l~,2-adrenoceptors to ¢x2-adrenoceptors densities in teat tissue, and a high ratio of ~-to ot2-adrenoceptors densities in blood ceils.
on 14 cows at morning milkings. After collection of blood, cows were slaughtered and teats were removed. 132-Adrenoceptors on teat tissue and lymphocyte membranes were identified by binding of [3H]dihydroalprenolol. For the determination of ct2-adrenoceptors on teat tissue and blood platelet membranes, [3H]rauwolscine was used. In teat tissue and blood cells, except for the amount of milk collected during the 3rd rain, all other milking parameters were highly correlated with the ratio of ~2-adrenoceptors to ot2-adrenoceptors. Good milkability appears to be associated with low ratio of l~,2-adrenoceptors to ¢x2-adrenoceptors densities in teat tissue, and a high ratio of ~-to ot2-adrenoceptors densities in blood ceils.
We postulated earlier that a low ratio of ~2-to ct2-adrenoceptors in teat tissue of fast milking cows probably reflects changes of mainly prejunctional adrenoceptors. From our results on blood cells, we are now hypothesizing that in teat tissue prejunctional and extra junctional ot 2-and ~2-adrenoceptors might have been identified together, whereas ot 2-and ~2-adrenoceptors identified on blood platelets and lymphocytes, respectively, are reflecting by preference extra junctional adrenoceptors. Extra junctional adrenoceptors are activated primarily by circulating epinephrine. The high ratio of J~2-to ot2-adrenoceptors observed in blood cells of fast milking cows might indicate a decreased vasomotor tone in
INTRODUCTION
Bovine teats contain longitudinal smooth muscles in the wall of the teat cistern and circular muscles around the teat canal. The most important characteristic determining the rate of milking is the sphincter muscle tone (1, 12) . From pharmacological studies on living cows and isolated teat muscle preparations, evidence has been provided for the presence of both or-and 13-adrenoceptors in these muscles (2, 6, 13) . Administration of ot-agonists induces contraction, whereas administration of 13-agonists results in relaxation. Rate of milk flow is reduced by injection of ot-agonists and increased by 13-agonists (2, 24) . Radioligand binding studies performed on ct-and 13-adrenoceptors, present in the muscular tissue of the wall of teat cisterns in cows, has shown that the 13-adrenoceptors were mainly of the 132 subclass (15, 17) , whereas the ot-adrenoceptors were of the CXl and ct 2 types (16, 18). The relationships between milk flow rate and numbers and ratios of adrenoceptors in tissue of teats from first lactation cows of a pure breed were investigated (19) . A positive relationship between ot2-adrenoceptor density and milking rate and a negative correlation between [~2-to cx2-adrenoceptor density ratios ([~2:ct2) and milking rate were detected. These results were rather unexpectecl considering that the rate of milk flow is reduced after injection of ct-agonists.
Theoretically, estimation of the adrenoceptor pattern in teat tissue might be used to predict milking characteristics of dairy cattle. However, it was recently found that in bovine blood ~x2-adrenoceptors were present on platelets (21) and that 132-adrenoceptors were present on circulating lymphocytes (20). Therefore, circulating blood platelets and lymphocytes could possibly be used in practice to investigate changes
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in Gt-and ~adrenoceptor numbers in relation to milkability. As this model system is easily accessed, the objective of the present work is to study the relationships between milk flow rate and numbers and ratios of adrenoceptors in tissue of teats, blood platelets, and lymphocytes from first lactation cows. A preliminary report of part of this work has been published (22) .
MATERIALS AND METHODS

Animals
Fourteen primiparous cows of the East Flemish Red Pied breed, between 2 and 3 yr in age and weighing between 425 and 610 kg, were used. Animals were between 3 and 12 wk postpartum and producing between 8.2 and 18.3 kg milMd (Table 1) . They were housed in a tie-stall barn next to the laboratory for at least 2 wk, were stable-fed with 8 kg of concentrates per day, and had free access to hay and water. Machine milking took place twice daily at 0830 and 2200 h. From the 2nd d after the cows' arrival in the stall, milking rates were recorded at morning milking. During the 1st d, cows were allowed to become accustomed to stall and milking procedures, and therefore, milk flow data obtained during that period were not used. Milk flow rates were highly repeatable and were measured during d 5 to 11.
Measurements of Milking
Ohanmtedstlcs
Milk flow rate was recorded using a quarter milker equipped with alternating pulsation (Alfa-Laval). The operating vacuum was 36.5 cm Hg (48.5 kPa) with a pulsation rate of 60 cpm and a 2.5:1 milking:rest pulsation ratio. Manual stimulation consisted of a 30 s of washing the udder with warm water and forestripping, after which cows were machine milked. Milk weights from each quarter were recorded separately at 30-s intervals. When less than .21 kg of milk was collected in a 30-s interval, recording was terminated and machine strip ping was initiated. At that moment, the total amount of milk from the four quarters and milking time were recorded. From the curves of cumdative milk yield, different variables were calculated: peak and average flow rates (kg/ rain); flow rates in the 1st, 2nd, and 3rd min of milking (kg/min); 2-and 3-min yields (kg); and total yield of milk per milking including stripping volumes (kg). Data from consecutive measurements of each variable were averaged. As yield per milking is fluctuating among cows (Table 1) , milkability between cows could only be compared if peak flow rate, average flow rate, and milking time were corrected for yield (7 kg) per milking. The corrections were calculated with the following formula: for milk yield >7 kg: X = -[(milk yield -7 kg) x n] and for milk yield <7 kg: X = + [(7 kg -milk yield) x n]. X = Peak flow rate, average flow rate or milking time; n = correction coefficient for cows of the East Flemish Red Pied breed, being .12 for peak flow rate, .07 for average flow rate, and .50 for milking time (4) .
Blood sampling occurred between 0800 and 0900 h via a polyethylene catheter permanently implanted in the external jugular vein. Two days before slaughter, blood was taken for the collection of platelets, whereas on the day before sacrifice a sample was collected for the preparation of lymphocyte membranes.
For the preparation of platelet membranes, a solution of 20% trisodium citrate 85 mM, citric acid 65 mM, 2% glucose, pH 5 was used as anticoagulant. Platelet-rich plasma (PRP) was obtained by centrifuging the blood at 380 x g for 20 rain and platelets were collected by centrifugation (1500 x g, 10 min) of PRP. Platelet membranes were prepared as described previously (21) . The final washed platelet membranes were suspended in incubation buffer in a concentration corresponding to about 109 platelets/ml.
For the isolation of lymphocytes, blood was sampled in heparinized tubes (Terumo, Belgium) and diluted 1:.5 with .9% NaCI (20). Lymphocytes were isolated by density gradient centrifugation (20 min, 18 to 20°C, 1000 x g) on Ficoll-Paque (Pharmacia, density: 1.077) and membranes were prepared according to Meurs et al. (10) . The final pellet was resuspended in incubation buffer, resulting in a suspension containing 108 lymphocytes/ml. Membrane protein originating from both platelets and lymphocytes was determined by the 
Preparation of Teat Tissue Membranes
Cows were slaughtered the day after the last blood sampling. Teats were immediately removed, cooled on ice and treated in the laboratory within 30 min. The distal part of the teat including the sphincter and teat canal was removed and the remaining tissue was dissected free of epidermis and mucosa. As there were no significant differences between adrenoceptor numbers of teat tissue membranes from fore and rear quarters (19) , all teats were taken together, the tissue was minced, homogenized, and membranes were prepared as described previously (15) .
Binding Atomy
The densities and affinities of adrenoceptors were assayed by saturation experiments carried out on membrane pellets homogenized in 50 mM Tris-HCl buffer, as described previously.
[3H]Dihydroalprenolol (DHA) was used as a radioligand for the ~2-adrenoceptors (15, 20) and [3H]rauwolscine (RAUW) (18, 21) for the e2-adrenooeptors. Lymphocyte and platelet adrenooeptors were assayed, respectively, at 1 and 2 d before slaughter. The o~2-adrenoceptors of the teat were determined on fresh material, whereas ~2-adrenoceptors were assayed within a week on frozen membrane pellets. Incubations of membrane suspensions with increasing concentrations of radioligand were terminated by addition of ice-cold buffer and filtering through glass fiber filters. Filters were washed with buffer and shaken with scintillation cocktail. Radioactivity on the filters was determined by liquid scintillation spectrophotometry (rackbeta counter, LKB). Nonspecific binding of the radioligand was determined by incubation of the membranes in the presence of 10 -5 M phentolamine or 10 -7 M (-)-propranolol for the [3H]RAUW and the [3H]DHA experiments, respectively.
Number (receptor density = Bmax; fmol/mg protein) and affinity (dissociation constant = KD; nM) of [3H]DHA and [3H]RAUW bindings to membrane preparations were assessed after linearization of the saturation plot (bound ligand in ordinate versus free ligand in abscissa) by the method of Scatchard (23) . This representation, a plot of the ratio of bound to free ligand (in ordinate) versus the concentration of bound ligand (in abscissa) gives a straight line with a slope of-1/K D and an intercept with the abscissa of Bmax. Linear least squares fit of the data was performed on an Mackintosh SE (Apple) computer using the regression menu of the Stat-Works program
RESULTS
Details on animals and characteristics of milk flow of all 14 cows are shown in Table 1 . For each cow, milk flow rates were highly repeatable, as the coefficient of variation obtained after 5 to 11 consecutive measurements is relatively low and amounted to about 10%. In contrast, milk flow curves varied widely between different cows. As in our previous paper (19) , the present study was also carried out on cows showing a large variation in milkability. The mean daily milk production amounted to 12.8 + .7 kg, whereas the mean milk yield per morning milking averaged 7.2 ± .4 kg (mean ± SEM). Milking times varied from 1.5 to 7.6 min and average flow rates from .88 to 2.42 kg/min. In this way possible correlations between milking parameters and adrenoceptor densities could easily be detected.
Mean numbers of 132-and a2-adrenoceptors, ~2:a2 ratios, and K D values in teat tissue and blood cells are given in Tables 2 and 3 . The Bmax values for the a2-adrenoceptors were higher (P<.001) in platelets (324 ± 37 fmol/mg protein) compared with teat tissue (90 ± 8 fmol/ mg protein). For the ~2-adrenoceptors, however, no significant differences were found between lymphocytes (55 ± 6 fmol/mg protein) and teat tissue (68 ± 4 fmol/mg protein). No significant correlations were found between a2-adrenoceptors in platelets and teat tissue, or between ~2-adrenoceptors in lymphocytes and teat tissue. However, a positive correlation (P<.01) was found between the receptor densities of ¢t2-adrenoceptors on platelets and ~2-adrenoceptors on lymphocytes. For the a2-and ~2-adrenoceptors of teat tissue, the relationship was similar (P<.05).
In Correlation coefficients between different milkability parameters and ot 2-and ~2-adrenoceptors densities, and ~2:ot2 ratios were calculated. In teat tissue, except for the amount of milk collected daring the 3rd rain, all milking characteristics measured were correlated with the ot2-adrenoceptors and ]~2:ct2 (Table 4) . Correlations were found between the ot2-adrenoceptor density and the peak flow rate (P<.001) and between average flow rate, peak flow rate, milking time, and the ~2:0t2 ratio (P<.001). No correlation was found with the ~2-adrenoceptors (Figure 1) . For blood cells, no significant correlations were found between the milking characteristics and the or2-and B2-adrenoceptots (Figure 1 ). However, with the exception of the amount of milk collected during the 3rd min, all other milk parameters were highly correlated (P<.001) with the ~2:0t2 ratios. As a negative correlation was found between the ~: ot 2 density ratios of blood ceils and the ~2:0t 2 ratios in teat tissue (P<.05), it seems that good milkability is associated with a low ratio of ~: ot 2 densities in teat tissue and a high ratio of ~2: ot 2 densities in blood cells (Figure 1 ).
DISCUSSION
Our present work largely confirmed the resuits obtained on teat tissue in previous experiments (19) It has been suggested that ¢x2-adrenoceptors can be subdivided in (X2A-and (X2B-Subtypes (3, 11, 14) . In binding assays distinct pharmacological profiles for the 2 subtypes were demonstrated and subtype selective drugs have been identified. The human platelet is the prototype tissue for the ¢x2~,-receptor and has a low affinity for prazosin, whereas the neonatal rat lung has a higher affinity for prazosin and is the prototype tissue for the Ot2B-SUbtype. Moreover, (X2A-and tX2B-adrenoceptors can coexist in the same tissue. Yohimbine is about 5-to 6-fold more potent than prazosin in 0t2B-adrenoceptors, whereas yohimbine is 200-to 600 fold more potent in the (X2A-SUbtype. As we found a ratio of affinities of yohimbine to prazosin of about 20 in teat and platelet tissue of cows (21), it is indicated that the ct2a-subtype is present in these tissues. Whether O~2B-adrenoceptors are present alone or are coexisting with the tz2A-subtype in the teat has not been investigated.
The ~2:o~2 density ratios of lymphocytes and platelets are correlated with the ~32:ct 2 density ratios of teat tissue (P<.05). This shows that the study of the ot 2-and ~-adrenoceptor pattern of lymphocytes and blood platelets provides interesting information about the J32-and ct2-adrenoceptor distribution in teats. However, whereas in our studies on blood cells, high [32:(~2 density ratios were associated with high milk flow Journal of Dairy Science Vol. 72, No. 12, 1989 rates, opposite results were obtained with teat tissue. In the latter, high [32:o~ 2 density ratios were associated with low flow rates. This indicates that the nature of (z 2-and ~2-adrenoceptots identified in blood cells was different from that in our teat tissue investigations.
Evidence was obtained by Isaksson and Sj6strand (6) for the presence of presynaptic ot2-adrenoceptors in the teat sphincter of cows that inhibit the release of noradrenaline in response to nerve stimulation. They observed that contraction of teat sphincter suips induced by field stimulation is enhanced by low concentrations of phentolamine. However, extrajunctional vascular o~2-adrenoceptors, mediating vasoconstriction, were identified in many tissues (8) . It is possible that these ct2-adrenoceptors are predominantly located close to the intima while the al-adrenoceptors are mainly located at the adventitial border in close proximity to the noradrenergic nerves (Figure 2) . The extra synaptic ~2-adrenoceptor may be the target for circulating epinephrine. The prejunctionai ov2-adrenoceptor is pharmacologically distinguished from the extrajunctional a2-adrenoceptor (5) . In our studies on teat tissue of primiparous cows, both presynaptic ¢x 2-and extmjunctional 0t2-adrenoceptors might have been identified together as one single class by [3H]RAUW. There is no doubt indeed that our teat tissue homogenates contained some vascular tissue together with smooth muscular tissue, but we are hypothesizing that ct2-adrenoceptors identified on blood platelets are reflecting by preference the extra junctional ct2-adrenoce ptOtS.
Presynaptic [$2-adrenoceptors are detected in many tissues and their activation is thought to lead to facilitation of the stimulation evoked norepinephrine release (7). Evidence was obtained for the presence of extrajunctional [12- adrenoceptors in the teat sphincter of cows by the following observations. Injection of epinephrine induced relaxation of the sphincter muscle (25) . In cows pretreated with ot-antagunists, epinephrine was much more effective than norepinephrine in inducing relaxation. Zinterol, a selective J~2-adrenoceptor agonist, was much more potent than isoproterenol in mediating relaxation (26) . Moreover, Isaksson and SjOstrand (6), studying the response of cow teat muscles to field stimulation of intramural nerves, observed that the neurogenic ~adreno-ceptor mediated relaxation required a long stimulation and only developed after a long latency. The latter studies suggested that J~-adrenoceptors in these muscles are essentially noninnervated (2-type receptor). In our studies on the adrenoceptor distribution of teats of primiparous cows, both prejunctionai and exWajunctional [~2-adrenoceptors might have been identif-_ed as one single receptor class by [3H]DHA (19) . However, the hypothesis might be proposed that ~2-adrenoceptors identified on lymphocytes are reflecting preferentially the extrajunctionai 132-adrenoceptors of the teat.
Previously we have tried to interpret the high ot2-adrenoceptor density and the low ~:ot2 
B.
Postganglionic ~mpathetic fiber [~2 OL2 SMOOTH MUSCLE Figure 2 . A schematic representation of the various adrenoceptor subtypes in the cows' teat. A. Blood vessels of the teat: the Ctl-adrenoceptor is innervated and under direct neuronal control (NE = norepinephrine). The a 2-adrenoceptor is not innervated and is closer to the vascular lumen and mainly influenced by circulating epinephrine 0E). Upon stimulation, both a 1-and a2-adrenoceptors induce an increase of vascular tone. B. Smooth muscle~ of the teat: presynaptic adrenoceptors (n) are located on the varicositics of the postganglionic sympathetic fibers. Upon stimulation, presynaptic a2-adrenoceptors inhibit the release of norepinephrine (NE), whereas presynaptic I~ 2-adrenoceptors stimulate norepinephrine release. The released norepinephrine reaches postsynaptic oq-adrenoceptots (f3) in the smooth muscle of the teat where it elicits contraction. Extrajunctional (liD) [~2-adrenoceptors are also present on the smooth muscles. They are noninnervated and aftra-stimulatkm by epinephrine induce relaxation. density ratio observed in the teat of fast milking cows (19) . We proposed that this typical adrenoceptor pattern is mainly the expression of changes of presynaptic adrenoceptor distribution, which result in a decline of norepinephrine release in the teat (Figure 2 ). This may favor the outflow of milk. On the basis of our results of the adrenoceptor distribution in the lymphocytes and blood platelets, our hypothesis can be extended. We suggest that the high ~2:a2 ratio in blood cells of fast milking cows is reflecting mainly the extra junctional ~2-and tz2-adrenoceptors of the teat. Extrajunctionai ot 2-and [$2-adrenoceptors are activated primarily by the circulating hormone epinephrine (25, 27). The high extrajunctional ~:ct 2 distribution ratio may result in a decreased vasoconstriction and an increase in the dilatation of the teat sphincter. Figure 2 is a tentative representation of the responses mediated by the different adrenoceptor subtypes and their location in blood vessels and smooth muscles of the teat of cows. This representation is based upon the results obtained by ourselves and by others as discussed in this paper.
Our results have shown that estimation of the adrenoceptor pattern in circulating lymphocytes and blood platelets can be used to predict milking characteristics of primiparous cows of the East Flemish Pied breed between 2 and 3 yr in age. As the degree of heritability for milking characteristics is very high (4), the ~2:(x 2 ratio might be useful as a marker in genetic studies. Further experiments will inform us how applicable this technique is for dairy cattle of other breeds, ages, and stages of lactation.
